ABSTRACT Background: The rate of exclusive breastfeeding remains low in many countries. Furthermore, cesarean delivery (CD) is increasing and may affect breastfeeding success. Objective: The objective was to conduct a systematic review and meta-analysis of observational studies to determine whether CD (prelabor or in-labor) is associated with a lower rate of breastfeeding compared with vaginal delivery (VD). Design: Studies published before January 2011 that reported breastfeeding up to 6 mo postpartum and compared outcomes after CD or VD, including foreign language publications, were identified through PubMed and bibliographic review. Prespecified data were extracted independently by multiple observers. The types of CD [prelabor (elective/scheduled) or in-labor (emergency)] were compared by subgroup analyses. Potential sources of study-level bias were analyzed by using meta-regression and sensitivity analyses. Results: The systematic review included 53 studies (554,568 subjects, 33 countries); 25 authors contributed additional data (245,455 subjects), and 48 studies (553,306 subjects, 31 countries) were included in the meta-analysis. Rates of early breastfeeding (any initiation or at hospital discharge) were lower after CD compared with after VD (pooled OR: 0.57; 95% CI: 0.50, 0.64; P , 0.00001) and lower after prelabor but not after in-labor CD (prelabor OR: 0.83; 95% CI: 0.80, 0.86; P , 0.00001; in-labor OR: 1.00; 95% CI: 0.97, 1.04; P = 0.86). In mothers who initiated breastfeeding, CD had no significant effect on any breastfeeding at 6 mo (OR: 0.95; 95% CI: 0.89, 1.01; P = 0.08). Conclusions: There was a negative association between prelabor CD and early breastfeeding. If breastfeeding is initiated, mode of delivery has no apparent effect on the number of mothers still breastfeeding at 6 mo. Women and health care workers should be aware of the negative associations between CD and early breastfeeding and consequent implications for infants' well-being.
INTRODUCTION
Breastfeeding is associated with benefits to lifelong health (1) (2) (3) (4) , yet the rate of exclusive breastfeeding remains low in many countries. In the United States only 33% of infants are exclusively breastfed at age 3 mo and <14% are exclusively breastfed at age 6 mo (5). Mode of delivery, in particular cesarean delivery (CD), is widely believed to affect breastfeeding adversely, but individual population studies examining the association between CD and breastfeeding are inconsistent. Some studies reported no association (6) (7) (8) (9) and others an inverse relation (10) (11) (12) . CD has increased rapidly worldwide. It is the most common surgical procedure carried out in the United States (13) , where it accounts for 31.8% (14) of all births, and it is even more widespread in China and parts of South America, where rates are reported to be between 40% and 50% (15, 16) , figures far in excess of the WHO recommended rate of 15% (17) . Many women prefer CD even in the absence of medical indications (18), including a third of female obstetricians (19) . Given the health benefits of breastfeeding, understanding the impact of mode of delivery is relevant to pregnant women and health care providers worldwide. The aim of this systematic review and meta-analysis was to determine the association between mode of delivery and early breastfeeding and continuation of breastfeeding to 6 mo postpartum.
METHODS

Literature search
A systematic review of published studies that reported breastfeeding outcomes by mode of delivery was conducted following a review protocol (Prior et al, unpublished observations, 2010) and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (20) . Outcomes studied were early breastfeeding (defined as breastfeeding at discharge from hospital postpartum or any report of breastfeeding initiation) and breastfeeding at 6 mo, by mode of delivery. Breastfeeding was classed as "exclusive" or "partial" in accordance with the WHO definitions (21) when these were used. Studies in which authors used an alternative classification were reclassified if possible either as "exclusive," if in keeping with the WHO classification, or as "any breastfeeding" if not compatible. Type of exposure included all types of vaginal delivery (VD) and CD (elective/scheduled/prelabor and emergency/after labor onset). Studies that reported any breastfeeding outcome in VD and CD groups in the same cohort were included. PubMed (www.ncbi.nlm.nih.gov/pubmed) was used to search for studies published before 31 January 2011; the search strategy is outlined in Figure 1 . Searches were carried out by EP, who was assisted by LHP. Reference lists of retrieved articles were hand searched. Relevant studies were identified by reading the abstract or the full article if no abstract was available. We excluded studies in which subjects were defined by disease state-for example, on the basis of maternal diabetes.
Data extraction
Data on study design, location, population, exposure classification, outcomes, and potential sources of bias were independently extracted by EP and CG and checked by MJH and SS. For foreign language publications, native speakers extracted required information by using a standardized form, including information on study-level biases. We corroborated foreign language data extraction by using a web-based translation package (22) . Results from analyses with adjustment for confounders were collected where available. MJH contacted the authors to obtain additional data for studies in which it appeared these data might exist. Authors were asked to provide raw and adjusted data and details of factors adjusted for in regression analyses. In cases in which published studies reported data on mode of delivery and breastfeeding outcome independently, authors were contacted to provide information on the association between these variables. These additional data were included in our analysis when they matched the values published in the peer-reviewed report. If no response was received after 2 requests, if the author was unable to supply the information required, or if the data received did not match those in the publication, the study was excluded. When the same cohort was reported in different publications, data from only the most recent publication were used.
Analyses
A meta-analysis of studies (comparable in exposure definition and outcome measures) that reported the association between mode of delivery and early breastfeeding and breastfeeding at 6 mo was carried out. The unadjusted ORs, SEs, and 95% CIs for any early breastfeeding and any/exclusive breastfeeding at 6 mo for CD compared with VD were calculated from the raw data (23) . If a multivariable logistic regression was carried out, the adjusted ORs and CIs were obtained and the log OR and its SE were calculated for use in the meta-analysis. If the OR for not breastfeeding was provided, this number was inverted to obtain the OR for breastfeeding. Similarly, if the OR comparing VD with CD was provided, this number was inverted to obtain the OR comparing CD with VD. In cases in which the rate of early breastfeeding was provided together with breastfeeding at 6 mo, the unadjusted OR and SE for continuation of breastfeeding after initiation for CD compared with VD was calculated. If continuation rates were available only for a subgroup of studies, any difference in breastfeeding at 6 mo given initiation of breastfeeding could be a subgroup effect. Therefore, to confirm that any difference in results for continuation was not a subgroup effect, the OR for any breastfeeding at 6 mo for all women (regardless of whether or not they initiated breastfeeding) was calculated for that subgroup as a comparison. If authors presented adjusted results separately for distinct subgroups, these were treated as separate studies in the analysis.
A fixed-effects meta-analysis was carried out in RevMan5 (The Cochrane Collaboration) by using the inverse variance method. This was carried out separately for each outcome and for adjusted and unadjusted results. Heterogeneity was assessed by using the chi-square test for Cochrane's Q statistic (24) and by calculating I 2 , the proportion of variance due to heterogeneity between studies rather than within-study variation (25) . Potential sources of heterogeneity were investigated by comparing study designs and settings. When heterogeneity was present (P , 0.05 from the chi-square test) a random-effects metaanalysis was carried out, and studies were reviewed for differences in inclusion and exclusion criteria, outcome measure, and data collection methods that may have contributed to heterogeneity. These differences were explored in subgroup and FIGURE 1. Flow chart of the search strategy used in this review, which was undertaken according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement. The relevant number (n) of articles at each point is provided. sensitivity analyses. In cases in which a random-effects analysis was carried out, the pooled OR was the estimate of the average effect across study populations, because studies were assumed to have different underlying effects. In contrast, for fixed-effects analyses, studies were assumed to have the same underlying effect, which was estimated by the pooled OR.
A meta-regression was performed by using Stata version 11 (StataCorp) to investigate whether association with early breastfeeding differed with type of CD (prelabor or emergency in-labor) and to investigate heterogeneity due to differences in population (maternal parity and preterm birth) and definition of breastfeeding outcome (WHO or non-WHO). Subgroup analysis was performed if meta-regression showed significant differences in the OR. Sensitivity analyses to address recall bias were performed by excluding studies in which breastfeeding data had been collected retrospectively. We considered prospective data collection to include retrospective analysis of data collected at the time of breastfeeding, in particular in clinical notes. If the quality or eligibility of any of the studies was in doubt, the analysis was performed both including and excluding these studies to check the sensitivity of the conclusions. Results were presented using forest plots, and funnel plots were used to investigate publication bias. Because the random-effects result is more affected by publication bias, which makes visual detection difficult, the pooled results from a fixed-effects analysis was used as the reference line (26) . If funnel plots showed asymmetry, Egger's test (27) and trim-and-fill analysis (28) were performed.
RESULTS
The literature search strategy ( Figure 1 ) identified 591 publications. After abstract screening, 107 were reviewed in full text, with a further 3 (1, 29, 30) identified after review of reference lists. Twenty-one publications were not published in English. Attempts were made to contact authors from 39 studies for additional data (6, 7, 10, ; 36 replied, providing data previously unpublished in this form from 245,455 subjects. Six authors could not provide data (47, 48, 57, (59) (60) (61) and one author (33) referred us to another publication, but this study was not suitable for inclusion (67) . The full text was unobtainable for 3 studies (68) (69) (70) . Of the remaining 100 studies, 47 were excluded for the following reasons: multiple reports of the same study population (32, (71) (72) (73) (74) , selective study population (including studies in which all women intended to breastfeed) (32, 40, 58, 64, (75) (76) (77) (78) (79) , only qualitative data reported (43, 80, 81) , or no suitable data on breastfeeding reported . The remaining 53 studies were included in the systematic review ( Table 1) . Of these 53 studies, 5 (53, (111) (112) (113) (114) did not report early breastfeeding rates or rates up to 6 mo postpartum, which left 48 studies in which some or all data were suitable for inclusion in the meta-analysis.
Early breastfeeding
A fixed-effects analysis of 42 studies (556,363 subjects) showed that the rate of early breastfeeding was significantly lower after CD [pooled OR: 0.78; 95% CI: 0.76, 0.79; P , 0.00001) than after VD. Heterogeneity was present (P , 0.00001, I 2 = 96%), and a random-effects analysis was performed (pooled OR: 0.57; 95% CI: 0.50, 0.64; P , 0.00001; Figure 2) . A subgroup analysis of 14 studies in which adjustment was made for factors associated with early breastfeeding ( Table 1 ) also showed that the rate of early breastfeeding was lower after CD delivery (pooled OR, fixed-effects analysis: 0.74; 95% CI: 0.72, 0.77; P , 0.00001). There was heterogeneity (I 2 = 93%, P , 0.00001), and a random-effects analysis was therefore performed (pooled OR: 0.61; 95% CI: 0.50, 0.75; P , 0.00001; Figure 3) .
Any breastfeeding at 6 mo
After examining data for all subjects, we found the rate of any breastfeeding to be lower at 6 mo after CD (pooled OR: 0.86; 95% CI: 0.82, 0.91; P , 0.00001; fixed-effects: I 2 = 38%, P = 0.07; 15 studies 84,518 subjects). When the analysis was restricted to women initiating breastfeeding, the pooled OR for any breastfeeding at 6 mo was not significantly different between CD and VD groups (OR: 0.95; 95% CI: 0.89, 1.01; P = 0.08; Figure 4 ). For comparison, analysis of the rate of any breastfeeding at 6 mo including all women regardless of whether they did or did not initiate breastfeeding for this subgroup of studies resulted in a pooled OR of 0.91 (95% CI: 0.86, 0.97; P = 0.003; fixed-effects: I 2 = 0%, P = 0.65). Data on this outcome were available for 9 of 11 studies (1, 9, 34, 56, 63, 115-118) (61,659 subjects).
Full/exclusive breastfeeding at 6 mo
After examining data for all subjects at 6 mo (whole maternal population, regardless of early breastfeeding), we found that full/ exclusive breastfeeding was lower after CD (pooled OR: 0.81; 95% CI: 0.67, 0.98; P = 0.03; random-effects: I 2 = 66%, P = 0.01; 6 studies, 58,679 subjects). When the analysis was restricted to women who initiated breastfeeding, the pooled OR for full/exclusive breastfeeding at 6 mo was not significantly different between CD and VD groups (OR: 1.01; 95% CI: 0.86, 1.20; P = 0.89; fixed-effects: I 2 = 0%, P = 0.40). For comparison, repeating this analysis with the inclusion of all women, regardless of whether or not they initiated breastfeeding, in this subgroup of studies did not result in a significant difference (pooled OR: 0.97; 0.77, 1.23; P = 0.81; random-effects: I 2 = 35%, P = 0.21; 3 studies, 46,314 subjects).
Elective (prelabor) or emergency (in-labor) CD
Eight studies provided data on early breastfeeding by type of CD. A random-effects meta-regression showed that the pooled OR for early breastfeeding comparing emergency CD with VD was significantly different from the OR comparing elective CD with VD (OR: 1.21; 95% CI: 1.14, 1.28; P , 0.001), and a subgroup analysis was performed. Elective CD was associated with a significant reduction in early breastfeeding when compared with VD (pooled OR: 0.83; 95% CI: 0.80, 0.86; P , 0.00001; Figure 5 ), whereas emergency CD had no effect (pooled OR: 1.00; 95% CI: 0.97, 1.04; P = 0.86; Figure 6 ). This subgroup analysis contained a large cohort study (50) that could potentially bias this result. However, our conclusions remained unchanged when the analysis was repeated after the exclusion of this study (VD compared with elective CD-OR: 0.84; 95% CI: 0.75, 0.94; P = 0.0003; VD compared with emergency CD-OR: 0.96; 95% CI: 0.85, 1.09; P = 0.56). 
Parity
Six studies (12, 40, 45, 56, 124, 133) included only primiparous women. A random-effects meta-regression showed that the OR for early breastfeeding in these studies was not significantly different from the OR for studies that included all women (OR: 1.14; 95% CI: 0.65, 1.99; P = 0.64).
Full-term birth
Six studies (7, 36, 40, 121, 123, 130) included only infants born at term. A random-effects meta-regression showed that the OR for early breastfeeding in these studies was not significantly different from the OR for studies not limited to term infants (OR: 1.25; 95% CI: 0.79, 1.97; P = 0.34).
Sensitivity analyses
Prospective collection of breastfeeding data
When the analysis was limited to studies in which data were collected prospectively, (21 of 41 studies; 437,385 of 554,568 subjects), the OR for early breastfeeding after CD in comparison to VD was 0.56 (95% CI: 0.47, 0.67; P , 0.00001; randomeffects: I 2 = 98%, P , 0.00001), an effect that was almost identical to the analysis that included all studies.
WHO definition of exclusive breastfeeding
In comparison to the pooled OR for full/exclusive breastfeeding at 6 mo (0.81; 95% CI: 0.67, 0.98), when the analysis was restricted to studies that used the WHO definition of "exclusive breastfeeding," a similar magnitude of effect was seen (pooled OR: 0.84; 95% CI: 0.74, 0.94; P , 0.003; random-effects: I 2 = 42%, P = 0.16; 4 studies, 28,832 subjects) (1, 119, 121, 123 ).
Funnel plots
The funnel plot for early breastfeeding ( Figure 7) showed strong visual evidence of publication bias. This was confirmed by Egger's test (P = 0.007). However, the trim-and-fill analysis resulted in an identical OR of 0.57 (95% CI: 0.50, 0.64). The funnel plot for any breastfeeding at 6 mo (limited to mothers who initiated breastfeeding; Figure 8 ) showed some visual evidence of publication bias, but the P value from Egger's test was not significant (P = 0.7), and the trim-and-fill analysis provided identical results (OR: 0.95; 95% CI: 0.90, 1.01). There was no evidence of publication bias for the other analyses, although the small number of studies made this difficult to evaluate.
DISCUSSION
Our meta-analysis, which comprised data from more than half a million women in 31 countries, provided strong support for the conclusion that CD has a significant adverse association with early breastfeeding. Crucially, once initiated, breastfeeding at 6 mo does not appear to be affected. The adverse association between CD and breastfeeding appears limited to elective, prelabor CD. With both CD (15, 134) and elective CD (135) increasing worldwide, this is of international public health importance. This question has been addressed by previous studies, notably that of Liston et al (50) . Conclusions similar to our own have been reached by some authors, such as Pérez-Escamilla et al (117) , but These studies were not included in the analysis because they did not report comparable outcomes.
these have generally been from smaller studies (,10,000 subjects) and confined to single geographic regions. By combining data from all eligible studies in our meta-analysis, we provided conclusions that represent effects in an internationally representative population, thereby strengthening generalization to different health care settings. Because of the large size of our analysis we were able to perform subgroup analyses of the separate effects of emergency and prelabor CD and also to investigate potential sources of heterogeneity. Furthermore, we included additional data from 25 peer-reviewed studies, including data from 161,857 subjects in the UK-based Oxford Record Linkage study (38) . The inclusion of this large body of additional data strengthened the validity of our findings.
Due to the large size of our meta-analysis, we could address several important biases inherent in breastfeeding studies (136) . To reduce reporting bias we included studies in all languages, excluded multiple examinations of the same cohort, and contacted authors to obtain unpublished data. Nevertheless, funnel plots for some analyses did suggest reporting bias. This may have led to an overestimation of the effect size, a point that must be considered, despite the biological plausibility of our results. However, the relation between breastfeeding and mode of delivery was not a primary outcome in 74% (39 of 53) of included studies, reducing the likelihood of true publication bias, nor did the trim-and-fill analyses alter the conclusions. To examine the effect of recall bias, we performed a sensitivity analysis of studies in which breastfeeding outcome data were collected prospectively. The use of nonstandard definitions for breastfeeding outcomes also has the potential to introduce bias (137); therefore, we undertook a sensitivity analysis of studies in which "exclusive breastfeeding" was recorded at 6 mo in accordance with rigorous WHO criteria. Both analyses showed an effect on breastfeeding similar in magnitude and direction. To address the potential effects of confounders shown to affect breastfeeding, we performed an analysis of studies that reported adjusted results. We also performed meta-regressions to evaluate the effect of parity and prematurity. All of these analyses were in keeping with our primary results and showed similar effect sizes. Given the presence of high between-study variability, we acknowledge uncertainties in the interpretation of results. The possibility remains that, whereas the adverse effect we find exists on average, it may not be present in all settings (138) . A high level of heterogeneity was perhaps unsurprising given the wide range of health care systems and populations included in our study.
The meta-analysis of studies in which adjustment for major confounders was made still showed heterogeneity (see Table 1 for list of adjustments). Of note, there was no heterogeneity in the limited subgroup analysis of type of CD, suggesting that the mix of elective and emergency CD in studies is a major cause of the heterogeneity observed overall. A further source of possible heterogeneity is the lack of clarity on how breastfeeding was measured because few studies included details of how this was defined. Finally, it is possible that the reasons that determine why some women express a preference for CD are closely linked with a decision not to breastfeed. However, to examine this relation requires knowledge of breastfeeding intent, which was collected in only 3 studies (8, 45, 129) ; because only 2 of these studies adjusted their results for breastfeeding intention (8, 45), we did not perform a subgroup analysis. Overall, it was disappointing that data on potential confounders were collected in so few studies. Breastfeeding engenders strong views, emphasizing the need for rigorous design, preregistration of study protocols, use of accepted breastfeeding definitions, and recording of potential confounders.
Any effect of CD on early breastfeeding might be mediated through processes that delay the onset of lactation, disrupt mother-infant interaction, or inhibit infant suckling. The first postnatal hours are crucial for establishing mother-infant interaction and breastfeeding success (139-142); timing of the first feeding is a key determinant (53, 143) . Postoperative care routines after CD interrupt bonding (67, 144) , delay mothers holding their infants (52, 53, 89, 145) , and reduce early breastfeeding (146) , which all are potential mechanisms that reduce breastfeeding. CD is carried out for a variety of reasons, including maternal illness and fetal compromise, which may also reduce breastfeeding success (50) . These factors all have greater association with emergency CD than with prelabor CD. Consequently they seem unlikely explanations for our results; subgroup analysis showed that early breastfeeding was no different in women who had an emergency CD compared with those who delivered vaginally. Although our study was possibly underpowered to detect a difference between emergency CD and VD, the 95% CI for the OR was fairly narrow (0.97, 1.04), so any difference is likely to be small. Because emergency CD usually takes place after the onset of labor, this observation supports the contention that it is the metabolic or endocrine milieu of labor that is paramount to initiating lactation (147) . The magnitude of oxytocin and prolactin responses, which play important mediating roles in milk ejection and in establishing mother-infant interaction (148) (149) (150) , differs in mothers delivering by CD and vaginally (52) . Differences have also been shown in blood concentrations of appetite-regulating hormones in infants born by CD and VD (151) (152) (153) . Rat pups that undergo simulated VD by drawing them through a rubber ring in utero before CD show earlier suckling than pups from the same litters delivered by CD without simulated VD (154) .
Our findings raise the important question of whether early breastfeeding after CD can be improved through increased support. An examination of this question would require the randomized assignment of breastfeeding support, which was was carried out in the PROBIT (Promotion of Breastfeeding Intervention Trial); however, in this trial all infants initiated breastfeeding (155) , precluding any evaluation of the effect of breastfeeding support on breastfeeding initiation after CD. No other study in this systematic review addressed this question. As an alternative approach, we considered performing a subgroup analysis of studies carried out in hospitals accredited as "baby friendly" on the basis of WHO criteria (156) to see whether the high level of breastfeeding support provided in these hospitals modified the effect of mode of delivery. However, no study in our review was conducted solely in "baby friendly" hospitals. Other evidence to date is not reassuring, and encouraging breastfeeding in all mothers does not appear to be sufficient to harmonize initiation rates (145) . Carefully planned intervention studies of breastfeeding support after CD need to be performed.
In summary, we showed that, globally, there is an association between elective CD and lower rates of breastfeeding. The rise in elective prelabor CD is thus particularly concerning. In the United States, the number of elective CDs increased by 53% between 1996 and 2007 (157), whereas in England there was a 250% increase between 1980 and 2010, and currently 40% of all CDs are prelabor (158) . The contribution of maternal choice to the increasing elective CD rate is important. In the United Kingdom, 6-8% of pregnant women express a preference for CD (18), whereas in Australia, an increase in elective CD has not been accompanied by increases in potentially explanatory healthrelated factors (159) . However, maternal choice is not the only reason for elective CD, and there are a wide range of medical reasons that obstetricians recommend a prelabor CD (160) . The association between lower breastfeeding rates after elective CD, together with a number of adverse short-and long-term clinical outcomes in offspring born by prelabor CD (147, 161) , indicates FIGURE 6 . Forest plot shows the fixed-effects meta-analysis of the unadjusted ORs for reports of early breastfeeding comparing Em CD and VD. BF, breastfeeding; CD, cesarean delivery; Em CD, emergency, in-labor cesarean delivery; M-H, Mantel-Haenszel; VD, vaginal delivery. that the continuing increase in elective CD requires urgent scrutiny worldwide.
At present, all mothers, regardless of mode of delivery, should be supported and encouraged to initiate breastfeeding promptly, and all prospective mothers and health workers should be informed about the negative association between prelabor CD and breastfeeding and the implications for infant well-being.
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